ABSTRACT
INTRODUCTION
Cancer is a top ten killer diseases in the world, the 7 th after heart, stroke, pneumonia, tuberculosis, diabetes, and HIV/AIDS diseases. Yayasan Kanker Indonesia (YKI) stated that number of breast cancer patients in Indonesia until 2010 is 2 nd after cervical cancer, but now, by increasing of the breast cancer patients about 60%, breast cancer is 1 st , while cervical cancer is 2 nd . World Heath Organization (WHO) stated that breast cancer as most common cancer in women and the leading cause of cancer death in women, so categorized as International Classification of Diseases (ICD) [1] .
During the last few decades, chemopreventive and chemotherapeutic compounds against various types of cancer have been isolated from a number of plants. Medicinal plants have been always a useful source for the research of new biologically active compounds [2] . Some phytochemicals from plants and fruits that is known as a chemopreventif agent than can suppress tumorogenesis are phenolic compounds such as catechin, eugenol, and gingerol [3] [4] [5] .
Guaiacol, a phenolic compound possesses potent free radical scavenger, anti-inflammatory, anticancer activities. It is material for drug of antiseptic, local anesthetic and expectorant cough medicine [6] . Guaiacol is a bioactive compound in the form colorless aromatic oil derived from Guaiacum officinale (Lignum sanctum) or Guaiacum sanctum (Lignum vitae), including in family of Zygopolyllaceae. As phenolic compound, guaiacol is susceptible to enzymatic and nonenzymatic oxidation giving rise to a variety of derivative product. The phenolic oxidative coupling reaction is a key step for the biosynthesis of natural product [7] [8] .
Peroxidase (PO) is a group of oxidoreductase that catalyzes oxidation reaction of numerous compounds by peroxide as an oxidant [9] [10] . PO has higher redox potentials and thus is stronger oxidizing agents. PO have been successfully employed to catalyze oxidative coupling of phenol and aromatic amines to produce the dimer derivatives of naphthol, eugenol, and catechin with satisfactory yields, and applied for the removal of phenols from industrial wastewater [11] .
PO can be found in plants, animals, and microbes. Many microbial peroxidases are instable PO so disadvantage in biocatalytic applications. The higher thermal and environmental stability PO is PO from plant such as horseradish or soybean, thus this is more attractive biocatalysts [12] [13] . Commercially, production of horseradish peroxidase (HRP) is done by extraction process of horseradish root that grown in temperate countries relatively cool, as agricultural weeds and difficult to obtain [9, [14] [15] . Therefore, it is necessary to develop applications of HRP from Indonesian native plants. Local plants that are similar to horseradish family are kalian (Brassica oleraceae var. alboglabra), sawi putih (Brassica rapa var. Pekinensis), and sawi hijau (Brassica juncea) including in family of Brassicaceae. The previous study has shown that the highest activity of PO was isolated from kailan at pH 6 [16] . Therefore we used kailan as source of PO in this study.
The aim of this study is synthesis guaiacol dimer, by biotransformation, using PO as a biocatalyst. Identification of guaiacol dimer compound was carried out by TLC, spectrophotometer FT-IR, LC-MS, and NMR. Guaiacol is known as an anticancer and it is necessary to study in-vitro cytotoxic activity of guaiacol dimer on inhibition human cancer, especially human breast cancer T47D and MCF7 cells using Mosmann's method with dimethylthiazol diphenyltetrazolium bromide (MTT) coloring.
EXPERIMENTAL SECTION

Materials
Materials used were Guaiacol (Nacalai) as starting material, phosphate buffer, 5% H 2 O 2 , 5% HCl, n-hexane, ethyl acetate, butanol, distilled water, and analytical grade chemicals were used for mass spectra, structure, and in-vitro cytotoxic activity analysis. Kailan (Brassica oleraceae var. alboglabra) was obtained from traditional market in Serpong, Tangerang Selatan.
Instrumentation
Instrumentation used in this study was dimerization process unit, evaporation unit, and one set of diguaiacol identification unit. Thin Layer Chromatography (TLC) was carried out using precoated silica gel plates (Merck Kieselgel 60F 254, 0.25 mm H-NMR (500 MHz) and 13 C-NMR (125 MHz) spectra were recorded on a Nuclear Magnetic Resonance (NMR) JEOL spectrometer, while the 2D-NMR experiments were conducted using the standard JEOL software for COSY and DEPT for molecular structure analysis.
Procedure
Preparation of phosphate buffer
A total of 13.9 g NaH 2 PO 4 
Preparation of enzyme from Brassica oleraceae var alboglabra
Leaves of Brassica oleraceae var. alboglabra (773 g) were washed and cut into small size, then mixed with buffer pH 6 (775 mL) using a blender, and flittered. The crude enzyme was then stored in the refrigerator until it is used [11] .
Synthesis of guaiacol dimer
50 mL of peroxidase enzyme was added to 6 mL of guaiacol (4-hydroxy-5-methoxybenzene), and 3 mL of 5% H 2 O 2 was added and stirred for 3 min at room temperature (27°C). 3 mL of 5% HCl was then added to stop the reaction. The mixture was then extracted with EtOAc/n-BuOH 9:1. The combined extract was concentrated at 45°C under vacuum to yield brown residues containing of a mixture dimerization products [6] .
Purification of dimerization products
Dimerization products were purified by column chromatography (silica gel Merck 64271) eluting with n-hexane, a gradient of EtOAc to 100%, followed by EtOAc/MeOH 1:1. The purified of dimerization products were identified by spectroscopic methods (LC-MS, FT-IR, NMR) [17] .
Analysis methods
Column chromatography was carried out on silica gel Merck (70-230 mesh and 230-400 mesh). Thin layer chromatography (TLC) was performed on precoated silica gel plates, and spots were visualized under UV light (254 and 365 nm) irradiation and by spraying with 10% sulphuric acid solution followed by heating at 110°C. IR spectra were measured on a FT-IR Shimadzu prestige 21. H-NMR (500 MHz) and 13 C-NMR (125 MHz) spectra were recorded on a JEOL spectrometer using CDCl 3 as solvent and TMS as internal standard. The 2D-NMR experiments were conducted using the standard Jeol software for COSY and DEPT. High resolution mass spectra were determined on a Jeol ECA 500 [8] .
In-vitro Cytotoxic Activity Analysis
The inhibitory effect of guaiacol dimer product on human breast cancer T47D and MCF7 cells were assessed using MTT method (Mosmann's method) with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) coloring. The development of cells culture performed by growing of cells culture in RPMI 1640-serum Phosphate Bovine Serume (PBS) medium and incubated in a humidified atmosphere of 37°C and 5% of CO 2 for 24 h. Serum medium was replaced with new serum medium and incubated in a humidified atmosphere of 37°C and 5% of CO 2 again in order to obtain sufficient cells number for testing. After a sufficient number of cells were obtained, cell medium was removed, and washed, and then RPMI medium added. The cells were transferred into tubes and centrifuged at 1200 rpm for 5 min. Supernatant was discarded and the precipitate was added to the RPMI 1640 medium containing 10% PBS. The cells density was calculated by hemocymeter and cells number was counted and then made dilution by adding with RPMIserum medium to obtain cell number of 2 X 10 4 cells/mL cell suspense. Cells with densities 1-2 X 10 4 cells/well in 96 well-plates were cultivated in a humidified atmosphere at 37°C and 5% of CO 2 for 24 h. Afterwards the cell cultures were replaced, washed with PBS, and added with 100 µL fresh culture medium containing guaiacol dimer sample at concentration of 100, 50, 25, 10, 5, 2.5, and 1 µg/mL. Furthermore, the plates were incubated at 37°C in CO 2 5% for 48 h. At the end of the treatment, medium was replaced and the cells were washed with PBS and added with 100 µL of a new fresh medium containing MTT 5 mg/mL. Plates were incubated in a humidified atmosphere at 37°C in 5% CO 2 for 4 h to bioreduction of the MTT dye into purple formazan crystals. After 4 h, the medium containing MTT was discarded, washed with PBS, added with 200 µL isopropanoat solution, and incubated at room temperature for 12 h to complete the solubilization of the formazan crystals. The bioreduction of MTT was assessed by measuring the absorbance of each well at 550 nm by ELISA reader. The proliferation inhibition was expressed as a percentage of the absorbance control cells minus abcorbance treatment cells divided by abcorbance control cells [18] .
RESULT AND DISCUSSION
Isolation of HRP
We have isolated HRP from Indonesian plant, kailan (Brassica oleraceae var alboglabra). The specific activity of crude enzyme was determined by Bergmeyer and Lowry methods [19] [20] . The amount of crude HRP from 773 g of leaves of Brassica oleraceae var alboglabra that was mixed with 775 mL of buffer pH 6 was 1350 mL with specific activity of 14.577 U/mg, The specific activity of this crude HRP was lower than the specific activity of commercially HRP (65 U/mg).
Analysis of Guaiacol Dimer
Peroxidase enzymes are usually used as biocatalyst for dimerization of phenolic compounds, such as naphthol, eugenol, and catechin [11] . We employed kailan's peroxidase (crude HRP) to catalyze phenolic compound of guaiacol for dimerization process. The dimer is a chemical compound that is composed of two identical or similar molecules and bound together. Dimerization of guaiacol is the process of combining the two monomers of guaiacol in the presence of crude HRP as biocatalyst. Guaiacol is a phenolic compound so peroxidase catalyzes the oxidative coupling of this phenolic compound using hydrogen peroxide (H 2 O 2 ) as the oxidizing agent and hydrogen acceptor for guaiacol as substrate. The reaction is a three-step cyclic reaction by with the enzyme is first oxidized by H 2 O 2 , and then reduced in two sequential one-electron transfer steps from reducing substrate. The coupling of guaiacol always occurs in ortho or para of phenolic hydroxyl group position, so dimerization due to o-o, o-p, or p-p C-C coupling can be expected.
This dimerization reaction product was reddish brown oil. It reacted with FeCl 3 reagent indicating the presence of a phenolic group. TLC analysis showed that synthesis product contained guaiacol dimer which was indicated by a spot with Rf value of 0.2 of guaiacol dimer, lower than Rf of guaiacol (0.63) as starting material. The guaiacol dimer compound was purified by column chromatography and eluting with n-hexane/EtOAc 3:7, so obtained a oily brown crystal (98.3 mg, yield 1.47%).
The mass spectrum showed a (M+H) +1 at m/z 247 which corresponded to molecular formula of C 14 H 14 O 4 and molecular weight of guaiacol dimer is 246 g/mol. The IR spectra of guaiacol dimer exhibited free hydroxyl (ν max = 3455.9 cm ). The IR spectra of guaiacol dimer showed that the new compound is coupling oxidative of guaiacol.
The broad band decoupled 13 C-NMR spectra of guaiacol dimer compound showed 14 carbon signals which were attributed by DEPT and HMQC techniques as two methoxy, seven methines (7-CH), and five , and also the three set of signals, consisting of one proton. multiplet at δ H 7.06 /δ C = 123.9 (1H, m J 2.6 and 7.3 Hz), and also there are six proton singlet at δ H 3.88/ δ C = 56.1 (3H, s) and δ H 3.83/δ C = 56.1 (3H, s) , established the presence of a two methoxy substituents.
A combination of the COSY and HMQC experiments permitted the assignments of all of the protonated carbons. It remained to establish the position of the substituents on the dimers of guaiacol skeleton. In the HMBC spectrum, the hydroxyl group (δ H = 5.38) was correlated to the quarternary carbons at δ C = 141.6 (C-4), 114.5 (C-3) and 147.2 (C-1). This finding clearly indicated that the hydroxyl group was located at C-4. The other resonance at δ C = 141.6 also gave cross peaks with three of olefinic protons of the guaiacol (at δ = 6.83; 6.46 and 6.65). Methoxy group (δ H = 3.83) was correlated to the quarternary carbons at δ C = 150.7 (C-5) and 147.2 (C-1). The HMBC spectrum also exhibited methoxy group (δ H = 3.88) which correlated to the quarternary carbons at δ C = 150.5 (C-5'). Proton at 7.06 correlated to the carbon 150.5 (C-5'), 121.1 (C-6'), 119.1 (C-2'). Proton at 6.89 correlated to the carbon 150.5 (C-5'), 112.6 (C-1'), 123.9 (C-3') and 146.8 (C-4'). 2-Methoxy phenol moiety was connected to the C-4' as oxigented-para couplet correlation. Proton at 6.99 and 6.87 correlated to the carbon 150.5 (C-5'), 121.1 (C-6'), 123.9(C-3') and 146.8 (C-4').
The doublet signal at 6.65 and doublet of doublet signal at 6.46 (J 2.6 and 8.4) showed the HMBC correlation between H-6 (δ H 6.65) and C-4' (δ C 146.8). The COSY spectrum of guaiacol dimer also showed the connection of a doublet of doublet signal at δ 6.87 and multiplet signal at δ 7.06 (J 2.6 and 7.3 Hz), other connection could be showed a doublet signal δ 6.99 and the doublet of doublet signal δ 6.87 and 6.89 (J 1.3 and 7.8).
Based on the above spectroscopic analysis, the guaiacol dimer compound was characterized as dimer of 4-hydroxy-5-methoxybenzene with other name O-pdehydroguaiacol (dehydrodiguaiacol) (Fig. 1) . The product showed O-para coupled guaiacol, leading to Op-dehydroguaiacol.
The mechanism of biotransformation of guaiacol catalyzed by crude enzyme of Brassica oleraceae var alboglabra peroxidase to produce O-p-dehydroguaiacol is shown in Fig. 2 .
In-vitro Cytotoxic Activity
We used doxorubicin for the in-vitro cytotoxic activity that commonly used as breast cancer drug as standard.
In-vitro cytotoxic activity test of dehydrodiguaiacol againts breast cancer T47D and MCF7 cells by MTT method showed that dehydrodiguaiacol has a cytotoxic effect on human breast cancer T47D and MCF7 cells. The test also showed that dehydrodiguaiacol more active than guaiacol as monomer (starting material). Dehydrodiguaiacol could inhibit the growth of human breast cancer, T47D and MCF7 cells about 77.2 and 22.9%, respectively, while guaiacol as monomer could inhibit the growth of human breast cancer, T47D and MCF7 cells only about 51.4 and 9.5%, respectively. The cytotoxicity of sample was expressed with IC 50 value. The IC 50 express 50% death induced by the concentration and is a measure of the effectiveness of a compound in inhibiting the growth of cancer cell. The cytotoxic activity of dehydrodiguaiacol against breast cancer T47D and MCF7 cells by MTT method yielded IC 50 145.9 and 215.2 g/mL, respectively (Fig. 3) . Whilst the concentration of doxorubicin that inhibit 50% of growth of human breast cancer T47D and MCF7 cells (IC 50 ) was 1.1 and 4.2 g/mL, respectively (Fig. 4) . Based on the IC 50 values, dehydrodiguaiacol has activity much lower than doxorubicin.
One of the causes of breast cancer is hormonal factor. Almost 70% of breast cancer is due to excess estrogen hormone. The natural ligand binds the estrogen receptor, and then the receptor undergo dimerization process and give rise to breast cancer. Based on the in-vitro cytotoxic activity test, dehydrodiguaiacol, a dimeric compound could act as antagonists to estrogen receptor undergo dimerization to prevent the natural ligand (agonist) binding to estrogen receptor, thus dehydrodiguaiacol has potency as anti-breast cancer [21] .
CONCLUSION
Crude of kailan (Brassica oleraceae var alboglabra) peroxidase could be used as biocatalyst for synthesis of dimerization-oxidative coupling of guaiacol. The biotransformation of guaiacol produce O-para dehydroguaiacol (dehydrodiguaiacol) compound. Dehydrodiguaiacol product has potency as anticancer therapeutic agent for human breast cancer, against breast cancer T47D and MCF7 cells.
